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Abstract 
In this study, based on p-type strongly compensated electronic grade monocrystalline Cz silicon, one tried to find if 
self interstitials have a direct or an indirect role in light and dark induced degradation (LID and DID respectively). 
Many studies have been carried out on LID phenomenon due to the formation of boron-oxygen complexes under light 
exposure. Some of them compare as-cut wafers and wafers which have been treated by phosphorus diffusion. They 
show that the LID phenomenon is reduced when samples have been phosphorus diffused. This effect has been 
explained by self interstitial injection in the bulk during the phosphorus diffusion, but the role of these self-
interstitials on LID phenomenon is not yet well defined [1] [2] [3]. In this paper, investigations on the degradation 
kinetic are made in as-cut wafers, in phosphorus diffused wafers and in wafers which were annealed in the same 
conditions used for the phosphorus diffusion. Comparisons of the results allow us to pinpoint the role of self-
interstitials on LID phenomenon. It seems that the presence of a high self interstitial concentration reduce the 
formation of BsO2i complexes responsible for the first faster degradation. 
 
© 2012 Published by Elsevier Ltd. Selection and peer-review under responsibility of the scientific 
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1. Introduction 
Light Induced Degradation (LID) is a severe disadvantage for p-type Silicon solar cells containing a 
large amount of Boron and oxygen, like Czochralski Si (Cz-Si) and Solar Grade Si purified by the 
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metallurgical route (SoGM-Si). It is explained by the formation of boron-oxygen complexes under light 
exposure and leads to Voc losses in the cells. Recently, many studies have been made on this subject.  
Even if some models try to explain how boron-oxygen complexes are formed, the self interstitial 
influence is not very clear. Caballero and al [1] carried out tests on wafers which were treated by POCl3 
diffusion at 875°C, and showed that there is a reduction in the intensity of light induced degradation. 
Consequently, complex formation may be less important, however it seems that there is no link with the 
self interstitial injection [1]. After silicon interstitials are introduced by implantation and an annealing at 
900°C, it seems that self interstitials interact with oxygen in Cz silicon and generate additional 
recombination centres, but these centres are not responsible for carrier-induced boron-oxygen defects [2]. 
Nevertheless, tests at 500°C show that they could influence the thermal donor generation rate [3]. It 
seems that self interstitials have an indirect role in the formation of boron-oxygen complexes. This article 
tries to clear their influence on LID and DID phenomena.  
2. Comparisons of degradation kinetic  
Investigations were made on wafers of strong compensated electronic grade monocrystalline silicon 
selected because of its characteristics: high concentrations of boron (> 3.1017 cm-3) and interstitial oxygen 
(> 8.1017 cm-3) and weak concentration of iron (< 1.1012 cm-3). Two types of test have been made to verify 
if LID could be reduced by a simple annealing or if self-interstitials injection is required to obtain the LID 
reduction. 
2.1. Comparison between untreated and annealed samples 
In this first test, untreated samples and annealed samples are compared. The aim of this test is to 
verify if the annealing plays a role in the reduction of LID phenomenon. The batch of samples was 
divided in two parts. Some samples were annealed under the same conditions used for POCl3 diffusion: 
850°C for 20 minutes. Other samples remain untreated. Then, all samples were exposed to light for many 
hours and the minority carrier lifetime, in the bulk, was measured simultaneously thank to μW-PS (μ-
waves Phase-Shift) technique and a laser with a wavelength of 940nm.    
 
 
 
Fig. 1. Minority carrier lifetime degradation of an as-cut and of an annealed sample as a function of the light exposure time 
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For the untreated sample, it appeared that lifetime was severely degraded between the initial state and 
the final state (Figure 1). The degradation can be separated into two parts: one part where the degradation 
is very strong and fast, followed by a slower and less intense degradation. Therefore, the first hours are 
the most critical because the lifetime is divided by 3, then it is divided by less than 2 during an exposure 
of 1 week. These observations are in agreement with Voronkov’s model which supposes that both types 
of boron, substitutional and interstitial, play a role in the LID phenomenon during illumination [4]. 
V.V.Voronov and al found that two kinds of lifetime-degrading centres emerge: the fast stage centre, 
FRC, which are found after a very short illumination and the slow stage centre, SRC, which are dominant 
during subsequent illumination. SRC was previously identified as a BiO2 complex and FRC as a BsO2 
defect involving a substitutional boron atom Bs. 
For the annealed sample, the behaviour of the degradation is similar with that of the as-cut sample. It’s 
still possible to split the graph into two parts but there is no significant variation between both graphs. 
Consequently, it is not possible to consider that the annealing plays a role in the reduction of degradation 
in LID phenomenon unlike Caballero and al [1]. To generalize this observation, the same test was 
performed in other samples, coming from other position, in the ingot.  
2.2. Comparison between untreated and samples treated by phosphorus diffusion 
This degradation test was made on a second split batch of samples and under the same conditions. 
One part of the samples was treated with POCl3 diffusion (850°C-20 minutes) after that Phosphorus glass 
and emitters were etched in an HF bath because our aim is to investigate the influence of self interstitials 
in the bulk. The rest of samples were untreated. Minority carrier lifetime losses are still measured by μW-
PS technique during samples exposure (figure 2). The initial minority carrier lifetime of raw samples is 
less than in figure1 because of resistivity variation along the ingot.  
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                                      b) 
 
Fig. 2. Minority carrier lifetime degradation:  a) In the as-cut and in the phosphorus diffused samples as a function of the light 
exposure time;  b) In the as-cut, the phosphorus diffused and in annealed samples as a function of the light exposure time, in the 
same position in the ingot, in log-scale 
 
As previously, the lifetime degradation could also be divided into 2 parts as shown by Fig. 2 a: from 
0,1s to 9000 s and from 9000s to the end. If we compare the beginning of LID, it can be seen that the 
degradation is far more important in untreated sample (green curve).  This part of plot is associated with 
the formation of BsO2i. As their formations are less observed in sample where self interstitials are 
injected, thanks to POCl3 diffusion, it can be supposed that the self-interstitials reduce the development of 
this kind of complex. During the diffusion, some Bs atoms might be associated with self-interstitials, this 
reduces the number of substitutional boron which could be linked with interstitial oxygen.  On the other 
hand, if we compare these two kinetics, from 9000 seconds, plots are practically parallel and spaced from 
20μs. That part of these two curves can be attributed to the contribution of Bi atoms in the formation of 
BO2i complexes under illumination. It seems that the offset between the two curves is the fact that the 
degradation, due to substitutional boron, is larger in the untreated sample. Consequently, it seems that 
self-interstitials do not reduce the formation of BiO2i complexes. This is confirmed by comparison 
degradation kinetics between raw, annealed and diffused samples in log-scale (figure 2b). We can see that 
kinetics for annealed sample and raw sample are approximately the same. However, for the sample 
diffused it is slower. 
 
To conclude, comparisons between untreated, annealed and diffused samples show that the annealing 
doesn’t play a real role in the reduction of LID phenomenon, due to B-O complexes formations. On the 
contrary, the injection of self-interstitial reduces the LID. Unlike [1], by measuring the degradation in 
real-time, it appears that there is a loss of degradation due to BsO2i formation but there is no influence on 
the degradation due to the formation of BiO2i complexes. 
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3. Dark induced degradation 
 This phenomenon is observed in samples which are stored in the dark and at room temperature. It 
seems that its mechanism is equivalent to LID but is slower [5]. In this study, Cz samples have high 
concentrations of both boron and oxygen atoms and they are untreated, initially.  
Untreated Cz samples cut of a same wafer are investigated which a typical minority carrier lifetime 
mapping is given by Figure 3a). Some samples are exposed to light (1 sun) and their lifetime mappings 
reveal the presence of swirls. After few hours under illumination, lifetime values in the swirls collapse to 
50 μs. This degradation is more important than in the homogeneous part of the samples. That could be 
explained by B-O formation because swirls are known to result from some concentration variations in 
boron and oxygen. A second selection of samples is devoted to the study of the DID phenomenon. While 
lifetime mappings of samples which were not illuminated and remained in the dark do not show any 
variation, continuous lifetime degradation is observed during several weeks, provided the samples have 
previously been submitted to an annealing. These samples were kept in complete darkness, except during 
the lifetime mappings. 
 
               
a)              b) 
              
c) 
 
Fig. 3. Lifetime mappings in darkness of a 2 x 2 cm² Cz-compensated electronic grade sample 
a) initial state, b) 4 days in the dark after annealing, c) a little more than 1 month in the dark after annealing 
 
Figure 3 shows mappings of the different degradation steps. Figure 3a) shows the initial mapping. At 
this state, the lifetime in the rings is already weaker than in the rest of the sample. Four days after this 
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treatment, degradation was visible accompanied by a strong decrease in the lifetime, as shown by Figure 
3b). On the contrary, after more than 1 month waiting, the degradation leads to a marked lifetime 
decrease to about 50 μs in the swirls, as shown by the comparison of Figure 3b and 3c. The degradation 
kinetic in dark is on two time scales, as was the case under light (Fig.1 and 2). Both kind of degradation 
behaviour are similar. Arumughan and al. have compared too the DID and LID kinetics between diffused 
samples and they arrive to the same conclusion [5]. It seems that boron-oxygen complexes continue to be 
formed in the dark, whatever the samples are diffused or not and the reaction mechanisms appear to be 
similar than under light. This analyze of degradation in dark is more interesting because effects due to Fe-
B pairs dissociation have no impact. Unfortunately, the phenomenon is very slow (several weeks) so at 
this time, we are not able to verify if we reach the same conclusion about the influence of self-interstitials. 
 
4. Conclusions 
In samples of Cz-silicon containing high concentration of dopants and oxygen, the influence of self-
interstitials has been investigated. Several opinions differ on their roles. Some of them think that they 
have no role and others think that their role as indirect. In our test, comparisons between untreated 
samples and annealed samples under the same conditions than for phosphorus diffusion, show that 
kinetics degradation under illumination are a little different. So, on one hand, this slight shift is not 
enough to conclude that just the annealing reduces the degree of light induced degradation. On the other 
hand, comparisons between untreated samples and samples in which self-interstitals have been injected 
thanks to POCl3 diffusion, show that in treated samples the degree of LID phenomenon is lower. Curves 
indicate that only the first part of the degradation is different. It seems that only substitutional boron is 
impacted by the presence of self interstitials. Bs might be associated with self-interstitial so it can’t be 
linked with interstitial oxygen.  
We hope to confirm this supposition by measuring the Bs and Bi concentration soon and by 
finishing comparison of kinetics between diffused and untreated samples in the dark in order to determine 
if the mechanisms of LID and of DID can be considered identical.  
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